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(57) ABSTRACT 

The present invention relates to a novel major mite antigen, 
Which according to the invention has been isolated and 
sequenced for the ?rst time. More speci?cally, said antigen 
is a protein originating from the mite Sarcoptes scabiei. 
Thus, the invention relates to said antigen as Well as to the 
encoding nucleic acid as de?ned in the claims. Further, the 
invention also relates to advantageous uses of the novel 
protein and/or functional fragments thereof, e.g. in immu 
nological testing, such as in ELISA methods, as Well as in 
the preparation of vaccines. 

3 Claims, 4 Drawing Sheets 
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MITE PROTEIN 

TECHNICAL FIELD 

The present invention relates to a novel recombinant 
protein useful in the diagnosis of mite infections in mam 
mals, such as dogs. The invention also relates to a nucleic 
acid encoding the protein according to the invention as Well 
as to various advantageous uses thereof. 

BACKGROUND 

Scabies or sarcoptic mange, Which is caused by infection 
With the parasitic mite Sarcoptes scabiei, is a Widespread, 
highly contagious disease. The parasite has been found in 
Well over 40 di?ferent mammals, including man. During the 
infection, female mites burroW in the skin to feed and their 
activities cause an intense irritation that leads to itching and 
scratching, Which may aggravate the condition. Sensitiza 
tion of the host to the mites and their products probably 
plays an important role in the pathogenesis of the disease. In 
its extreme form, scabies can develop into a severe hyper 
keratotic form, Where several thousands of mites can be 
found in the lesions. This form of crusted scabbies is also 
frequently observed among immune compromised individu 
als, i.e. HIV patients. 

The standard method for diagnosing scabies include 
microscopic detection of the mites and their eggs and feces 
in skin scrapings. This method is relatively time-consuming 
and, in many cases, the results of microscopic examination 
can be negative oWing to the loW number of parasites present 
in each sample. The use of enzyme-linked immunosorbent 
assays (ELISA) for the detection of antibodies to S. scabiei 
has been reported for several di?ferent animals including 
humans (Bomstein & Zakrisson (1993) Vet. Dermatal. 
4:107; Arlian et al. (1994) Exp. Parasitol. 78:37; Nor 
maznah et al. (1996) Southeast Asian J. Trop. Med. Public 
Health 27:53; and Hollanders et al. (1997) Vet. Parasitol. 
69:117). The ELISA technology o?‘ers several distinct 
advantages compared to skin scrapings: A relative ease of 
sampling, the potential to screen large numbers of samples 
and the possibility to standardize reagents and methods. The 
only major draWback is the limited amount of antigenic 
material available due to the lack of an in vitro propagation 
system for S. scabiei. 

Arlian and colleagues (J. Med. Entomol. (1988) 25:52) 
have developed an in vivo propagation system after estab 
lishing S. scabiei var. canis on rabbits. HoWever, the parasite 
burden is still relatively loW and the method cannot be 
applied for the production of antigens for large scale screen 
ing projects. Mites from naturally infected red foxes have 
been successfully isolated in large numbers and used in 
ELISAs both for dogs and pigs. The dif?culties involved in 
using Wild foxes as a source for antigen supply are hoWever 
evident. 

This lack of material has not only limited large scale 
screening e?‘or‘ts and control programs among farm animals, 
but it has also limited the possibilities to study other aspects 
of scabies, for instance pathogenesis. 
EP 0 473 111 provides a recombinant mite allergen Which 

is e?fective as a therapeutic agent and diagnostic reagent for 
mite allergic diseases. HoWever, the mite allergen of this 
reference are derived from a house dust mite, more speci? 
cally from Dermatophagoidesfarinae. Thus, ?rstly, the said 
house dust mite is found free-living in a house-hold envi 
ronment and does not live as a parasite on a host. Thus, 
disease thereof is not the result of an infection but the 
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2 
inhalation of mites or mite body fragments or faeces. The 
inhalation of house dust mites may cause allergic reactions 
in susceptible individuals resulting in respiratory distress, 
such as asthma and rhinitis. Accordingly, EP 0 473 111 
relates to molecules useful in the diagnosis and prevention 
of such conditions. 

SUMMARY OF THE INVENTION 

According to the present invention, the problems de?ned 
above are solved by providing a novel major mite antigen, 
Which has noW been isolated and sequenced for the ?rst 
time. Thus, the invention relates an isolated antigenic pro 
tein as Well as to the nucleic acid said novel protein, as 
de?ned in the appended claims. Further, the invention also 
relates to various advantageous uses of the novel protein and 
functional fragments thereof, eg in immunological testing, 
such as in ELISA methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the extent of the recombinant protein 
according to the invention in relation to the native protein. 

FIG. 2 illustrates the recombinant plasmid pPU17 used 
for the expression of the mite protein according to the 
invention. 

FIG. 3 is an overvieW of the cloning strategy of the 5' end 
of MSA. 

FIG. 4 shoWs the results of Western blot analysis of the 
mite recombinant protein according to the invention. 

DEFINITIONS 

The terms “polypeptide”, “peptide” and “protein” are 
used interchangeably herein to refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers in 
Which one or more amino acid residue is an arti?cial 

chemical analogue of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers. 
The term “nucleic acid” refers to a deoxyribonucleotide or 

ribonucleotide polymer in either single- or double-stranded 
form, and unless otherWise limited, encompasses knoWn 
analogs of natural nucleotides that can function in a similar 
manner as naturally occurring nucleotides. 
The phrase “hybridizing speci?cally to”, refers to the 

binding, duplexing, or hybridizing of a molecule only to a 
particular nucleotide sequence under stringent conditions 
When that sequence is present in a complex mixture (e.g., 
total cellular) DNA or RNA. The term “stringent conditions” 
refers to conditions under Which a probe Will hybridize to its 
target subsequence, but to no other sequences. Stringent 
conditions are sequence-dependent and Will be di?ferent in 
di?ferent circumstances. Longer sequences hybridize spe 
ci?cally at higher temperatures. Generally, stringent condi 
tions are selected to be about 50 C. loWer than the thermal 
melting point Tm for the speci?c sequence at a de?ned ionic 
strength and pH. The Tm is the temperature (under de?ned 
ionic strength, pH, and nucleic acid concentration) at Which 
50% of the probes complementary to the target sequence 
hybridize to the target sequence at equilibrium. (As the 
target sequences are generally present in excess, at Tm, 50% 
of the probes are occupies at equilibrium). Typically, strin 
gent conditions Will be those in Which the salt concentration 
is less than about 1.0 M Na ion, typically about 0.01 to 1.0 
M Na ion concentration (or other salts) at pH 7.0 to 8.3 and 
the temperature is at least about 30° C. for short probes (e. g., 
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10 to 50 nucleotides) and at least about 60° C. for long 
probes (e.g., greater than 50 nucleotides). Stringent condi 
tions may also be achieved With the addition of destabilizing 
agents such as formamide. 
A “label” is a composition detectable by spectroscopic, 

photochemical, biochemical, immunochemical, or chemical 
means. For example, useful labels include 32P, ?uorescent 
dyes, electron-dense reagents, enzymes (e.g., as commonly 
used in a ELISA), biotin, dioxigenin, or haptens and proteins 
for Which antisera or monoclonal antibodies are available. 
As used herein a “nucleic acid probe” is de?ned as a 

nucleic acid capable of binding to a target nucleic acid of 
complementary sequence through one or more types of 
chemical bonds, usually through complementary base pair 
ing, usually through hydrogen bond formation. As used 
herein, a probe may include natural (i.e. A, G, C, U or T) or 
modi?ed bases (7-deazaguanosine, inosine, etc.) In addition, 
the bases in a probe may be joined by a linkage other than 
a phosphodiester bond, so long as it does not interfere With 
hybridization. 
A “labeled nucleic acid probe” is a nucleic acid probe that 

is bound, either covalently, through a linker, or through 
ionic, van der Waals or hydrogen bonds to a label such that 
the presence of the probe may be detected by detecting the 
presence of the label bound to the probe. 

The term “target nucleic acid” refers to a nucleic acid 
(often derived from a biological sample), to Which a nucleic 
acid probe is designed to speci?cally hybridize. It is either 
the presence or absence of the target nucleic acid that is to 
be detected, or the amount of the target nucleic acid that is 
to be quanti?ed. The target nucleic acid has a sequence that 
is complementary to the nucleic acid sequence of the cor 
responding probe directed to the target. The term target 
nucleic acid may refer to the speci?c subsequence of a larger 
nucleic acid to Which the probe is directed or to the ovarall 
sequence (e.g., gene or mRNA) Whose expression level it is 
desired to detect. The di?‘erence in usage Will be apparent 
from context. 

“Subsequence” refers to a sequence of nucleic acids or 
amino acids that comprise a part of a longer sequence of 
nucleic acids or amino acids (e.g., polypeptide), respec 
tively. 

“Combinatorial library” means a library of molecules 
containing a large number, typically betWeen 103 and 106, of 
di?‘erent-sequence oligomers, typically characterized in 
having di?ferent sequences or subunits, or a combination of 
di?ferent sequences of side chains and linkages, or di?‘erent 
substituent compounds in a small-compound library. 

“Di?‘erent-sequence oligomer compounds” are oligomers, 
such as oligonucleotides, oligonucleotide analogs, oligopep 
tides, oligopeptide analogs, oligosaccharides, or lipopep 
tides With di?ferent permutations of lipid and/ or sequences in 
the peptide moieties, glycopeptides With different sequence 
permutations in the saccharide and/or peptide moieties, 
non-biological oligomers With di?‘erent-sequence permuta 
tions, or di?‘erent-substituent compounds in a small-com 
pound library. 

The term “recombinant” When used With reference to a 
cell, or nucleic acid, or vector, indicates that the cell, or 
nucleic acid, or vector, has been modi?ed by the introduc 
tion of a heterologous nucleic acid or the alteration of a 
native nucleic acid, or that the cell is derived from a cell so 
modi?ed. Thus, for example, recombinant cells express 
genes that are not found Within the native (non-recombinant) 
form of the cell or express native genes that are otherWise 
abnormally expressed, under expressed or not expressed at 
all. Further, the expression “recombinant” also relates to a 
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4 
cell, Wherein further regulatory elements have been included 
in order to initiate or enhance expression of an otherWise 
silent endogenous gene, or Wherein a manipulation of the 
regulatory elements have been performed for the same 
purpose. (For an example of such a gene activation tech 
nique, see eg Genetic Engineering News, Apr. 15, 1994.) 
The term “identical” in the context of tWo nucleic acid or 

polypeptide sequences refers to the residues in the tWo 
sequences Which are the same When aligned for maximum 
correspondence. Optimal alignment of sequences for com 
parison can be conducted, e.g., by the local homology 
algorithm of Smith and Waterman (1981) Adv. Appl. Math. 
2: 482, by the homology alignment algorithm of Needleman 
and Wunsch (1970) J. Mol. Biol. 48:443, by the search for 
similarity method of Pearson and Lipman (1988) Proc. Natl. 
Acad. Sci. USA 85: 2444, by computerized implementations 
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA 
in the Wisconsin Genetics SoftWare Package, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.) or by 
inspection. 
An additional algorithm that is suitable for determining 

sequence similarity is the BLAST algorithm, Which is 
described in Altschul et al. (1990) J. Mol. Biol. 215: 
4034410. SoftWare for performing BLAST analyses is pub 
licly available through the National Center for Biotechnol 
ogy Information (http://WWW.ncbi.nlm.nih.gov/). (See Heni 
kolf and Henikolf (1992) Proc. Natl. Acad. Sci. USA 89: 
10915410919; and Karlin and Altschul (1993) Proc. Natl. 
Acad. Sci. USA 90: 587345787; for further information in 
this context.) 
The term “substantial identity” or “substantial similarity” 

in the context of a polypeptide indicates that a polypeptides 
comprises a sequence With at least 70% sequence identity to 
a reference sequence, or preferably 80%, or more preferably 
85% sequence identity to the reference sequence, or most 
preferably 90% identity over a comparison WindoW of about 
1(k20 amino acid residues. An indication that tWo polypep 
tide sequences are substantially identical is that one peptide 
is immunologically reactive With antibodies raised against 
the second peptide. Thus, a polypeptide is substantially 
identical to a second polypeptide, for example, Where the 
tWo peptides dilfer only by a conservative substitution. 
An indication that tWo nucleic acid sequences are sub 

stantially identical is that the polypeptide Which the ?rst 
nucleic acid encodes is immunologically cross reactive With 
the polypeptide encoded by the second nucleic acid. Another 
indication that tWo nucleic acid sequences are substantially 
identical is that the tWo molecules hybridize to each other 
under stringent conditions. 

“Bind(s) substantially” refers to complementary hybrid 
ization betWeen a probe nucleic acid and a target nucleic 
acid and embraces minor mismatches that can be accomo 
dated by reducing the stringency of the hybridization media 
to achieve the desired detection of the target polynucleotide 
sequence. 

The term “antibody” refers to a polypeptide substantially 
encoded by an immunoglobulin gene or immunoglobulin 
genes, or fragments thereof Which speci?cally bind and 
recognize an analyte (antigen). The recognized immunoglo 
bulin genes include the kappa, lambda, alpha, gamma, delta, 
epsilon and mu constant region genes, as Well as the myriad 
immunoglobulin variable region genes. Light chains are 
classi?ed as either kappa or lambda. Heavy chains are 
classi?ed as gamma, mu alpha, delta, or epsilon, Which in 
turn de?ne the immunoglobulin classes, IgG, IgM, IgA, IgD 
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and IgE, respectively. (In this context, see Fundamental 
Immunology, Third Edition, W. E. Paul, ed., Raven Press, 
NY. 1993). 
A “chimeric antibody” is an antibody molecule in Which 

(a) the constant region, or a portion thereof, is altered, 
replaced or exchanged so that the antigen binding site 
(variable region) is linked to a constant region of a different 
or altered class, effector function and/or species, or an 
entirely different molecule Which confers neW properties to 
the chimeric antibody, e.g., an enZyme, toxin, hormone, 
groWth factor, drug, etc.; or (b) the variable region, or a 
portion thereof, is altered, replaced or exchanged With a 
variable region having a different or altered antigen speci 
?city. 

The term “immunoassay” is an assay that utiliZes an 
antibody to speci?cally bind an analyte. The immunoassay 
is characterized by the use of speci?c binding properties of 
a particular antibody to isolate, target, and/or quantify the 
analyte. The terms “isolated” “puri?ed” or “biologically 
pure” refer to material Which is substantially or essentially 
free from components Which normally accompany it as 
found in its native state. 

The phrases “speci?cally binds to a protein” or “speci? 
cally immunoreactive With”, When referring to an antibody 
refers to a binding reaction Which is determinative of the 
presence of the protein in the presence of a heterogeneous 
population of proteins and other biologics. Thus, under 
designated immunoassay conditions, the speci?ed antibod 
ies bind preferentially to a particular protein and do not bind 
in a signi?cant amount to other proteins present in the 
sample. Speci?c binding to a protein under such conditions 
requires an antibody that is selected for its speci?city for a 
particular protein. A variety of immunoassay formats may be 
used to select antibodies speci?cally immunoreactive With a 
particular protein. For example, solid-phase ELISA immu 
noassays are routinely used to select monoclonal antibodies 
speci?cally immunoreactive With a protein. See HarloW and 
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring 
Harbour Publications, NeW York, for a description of immu 
noassay formats and conditions that can be used to deter 
mine speci?c immunoreactivity. 
A “conservative substitution”, When describing a protein, 

refers to a change in the amino acid composition of the 
protein that does not substantially alter the protein’s activity. 
Thus, “conservatively modi?ed variations” of a particular 
amino acid sequence refers to amino acid substitutions of 
those amino acids that are not critical for protein activity or 
substitution of amino acids With other amino acids having 
similar properties (e.g., acidic, basic, positively or nega 
tively charged, polar or non-polar, etc.) such that the sub 
stitutions of even critical amino acids do not substantially 
alter activity. See e.g., Creighton (1984) Protein, W.H. 
Freeman and Company. In addition, individual substitutions, 
deletions or additions Which alter, add or delete a single 
amino acid or a small percentage of amino acids in an 
encoded sequence are also “conservatively modi?ed varia 
tions”. 

A “gene product”, as used herein, refers to a nucleic acid 
Whose presence, absence, quantity, or nucleic acid sequence 
is indicative of a presence, absence, quantity, or nucleic acid 
composition of the gene. Gene products thus include, but are 
not limited to, an mRNA transcript, a cDNA reverse tran 
scribed from an mRNA, and RNA transcribed from that 
cDNA, a DNA ampli?ed from the cDNA, an RNA tran 
scribed from the ampli?ed DNA or subsequences of any of 
these nucleic acids. Polypeptides expressed by the gene or 
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6 
subsequences thereof are also gene products. The particular 
type of gene product Will be evident from the context of the 
usage of the term. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In a ?rst aspect, the present invention relates to an isolated 
mite-derived protein, Which is an antigen derived from the 
mite Sarcoptes scabiei. More speci?cally, the protein 
according to the invention is comprised of parts or all of the 
sequence disclosed in SEQ ID NO. 2. More speci?cally, the 
invention relates to a protein comprised of at least about 83 
amino acids of said sequence, preferably the ones described 
in SEQ ID NO. 3, an analogue or a functional fragment 
thereof. In a speci?c embodiment, the protein according to 
the invention is comprised of at least about 100 amino acids, 
preferably at least about 200, such as at least about 400 
amino acids of the sequence disclosed in SEQ ID NO. 2. In 
a speci?c embodiment, the protein according to the inven 
tion comprises about 400 of the last amino acids of SEQ ID 
NO 2, and most preferably, the sequence from about amino 
acid no 344 to amino acid no 770 of said sequence, Which 
protein has been denoted Major Sarcoptes Antigen 1 
(MSA1) of the present inventors. In another particular 
embodiment, the amino acid sequence of the present protein 
comprises a larger part of said sequence, such as at least 
about 400, preferably at least about 500, eg at least about 
600, and most preferably at least about 700, such as about 
770 amino acids of said sequence, in Which case it is 
substantially identical With the sequence disclosed in SEQ 
ID NO. 2. In this context, it is to be understood that all 
derivatives, analogues and functional fragments and func 
tional subsequences thereof of the present proteins also fall 
Within the scope of the invention as de?ned by the claims. 

Thus, the above mentioned EP 0 473 111 relates to the 
isolation of an organism, house dust mite, Which is naturally 
present in different surroundings than Sarcoptes scabiei, 
Which is a parasite in the skin of animals, such as Wild foxes, 
sWine etc., and man. As a consequence, the pharmaceutical 
and diagnostic applications enabled by the EP 0 473 111 
antigen are suited for different conditions and other subjects 
than the antigen according to the present invention, Which 
mainly relates to the treatment and/or diagnosis of farm 
animals, such as sWine, or dogs. Accordingly, even though 
there exist a certain similarity between the protein derived 
from the house dust mites according to EP 0 473 111 and the 
Sarcoptes scabiei protein isolated and sequenced according 
to the present invention, the differences in environment and 
conditions to be prevented and/or diagnosed are of such 
importance that 0 473 111 must be regarded as relating to a 
different ?eld from the present invention. 

In an especially advantageous embodiment, the protein 
according to the invention is a recombinant protein, Which 
in addition to a functional part or all of the sequence 
disclosed in SEQ ID NO. 2 also comprises a tag, such as a 
conventional further amino acid sequence, Which confers 
properties that facilitates puri?cation, doWnstream analysis, 
such as Western blot, reversible immobilization, immuno 
precipitation, immuno?uorescence analysis etc. Said tag 
may eg be the peptide His6. In a particular embodiment, the 
present invention is a fusion protein, Wherein the present 
protein or a functional subsequence thereof is fused With 
another protein, such as [3-galactosidase, glutathione-S 
transferase, protein A etc. In the context of fusion proteins, 
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see eg Smith and Johnson (1988) Gene 67:31; Hopp et al. 
(1988) Biotechnology 6:1204; La Vallie et al. (1993) Bio 
technology 11: 187. 

In a further embodiment, the present protein, or a func 
tional subsequence thereof, is used to produce peptidomi 
metics, i.e. molecules that mimics the biological activity of 
the peptide but no longer are completely peptidic in nature. 
Thus, peptidomimetics according to the invention are pro 
duced in order to provide molecules that are more advan 
tageous than the peptides per se as regards e.g. siZe, bio 
avalability, duration of action, stability, storage, 
immunoreactivity etc. In this context, see eg Dean (1994), 
BioEssays, 6834687, Cohen and ShatZmiller (1993), J. Mol. 
Graph, 11:166A173. 

Further, the antigen according to the invention may be 
used in various other methods for design and/or identi?ca 
tion of novel compounds, such as in combinatorial libraries. 
Such methods enable a modem drug laboratory to produce 
and screen millions of neW chemical and/or biological 
compounds in a feW Weeks for a variety of uses. Of the large 
number of compounds produced, only the ones shoWing 
interesting biological activity are analyZed for further testing 
and experimentation. Methods for combinatorial libraries, 
see eg US. Pat. Nos. 5,753,187 and 5,763,263, are Well 
knoWn to those of skill in this ?eld and are easily arranged 
based on the present application. A further aspect of the 
present invention is the use of the antigen according to the 
invention in methods of high-throughput screening for the 
identi?cation of a novel compound. Such methods are 
amenable to automated, cost-effective high throughput 
screening and have immediate application in a broad range 
of programs for development of diagnostic and/or pharma 
ceutically active compounds. Further, the present invention 
also encompasses any compound obtainable by, that is, 
reached through, the use of any one of the herein disclosed 
methods. 

Thus, more speci?cally, the present invention also relates 
to a method of screening for protein or peptide analogues 
that mimic at least a part of the structure of the protein 
according to the invention, Which comprises the steps of 
(a) producing a multiplicity of analogue structures and 
(b) selecting an analogue structure, Wherein the three-di 

mensional con?guration and spatial arrangement of one or 
more biologically active regions, preferably anti-genic 
regions, remain substantially preserved. 
In a speci?c embodiment, analogues mimicking a protein 

having the amino acid sequence as disclosed in SEQ ID NO 
3 are screened for. Further, the invention also encompasses 
an analogue identi?ed as disclosed above. Analogues iden 
ti?ed by the present method are advantageously used for the 
same purposes as the proteins according to the invention, 
said various uses being disclosed elseWhere in the present 
disclosure. 

The present proteins, functional sub sequences thereof etc. 
may be synthesiZed using standard chemical peptide syn 
thesis techniques. Where the desired subsequences are rela 
tively short (e.g., When a particular antigenic determinant is 
desired), the molecule may be synthesiZed as a single 
contiguous polypeptide. Where larger molecules are desired, 
subsequences can be synthesiZed separately (in one or more 
units) and then fused by condensation of the amino terminus 
of one molecule With the carboxyl terminus of the other 
molecule thereby forming a peptide bond. 

Solid phase synthesis in Which the C-terminal amino acid 
of the sequence is attached to an insoluble support folloWed 
by sequential addition of the remaining amino acids in the 
sequence is the preferred method for the chemical synthesis 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
of the polypeptides of this invention. Techniques for solid 
phase synthesis are described by Barany and Merri?eld, 
Solid-Phase Peptide Synthesis; pp. 34284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: Special Methods in 
Peptide Synthesis, Part A., Merri?eld, et al. J. Am. Chem. 
Soc., 85: 214942156 (1963), and SteWart et al., Solid Phase 
Peptide Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Ill. 
(1984). 

In an alternative embodiment, the present proteins or 
subsequences thereof, are synthesiZed using recombinant 
DNA methodology. Generally this involves creating a DNA 
sequence that encodes the fusion protein, placing the DNA 
in an expression casette under the control of a particular 
promoter, expressing the protein in a host, isolating the 
expressed protein and, if required, renaturing the protein. 
DNA encoding the present proteins, or subsequences 

thereof, may be prepared by any suitable method, including, 
for example, cloning and restriction of appropriate 
sequences or direct chemical synthesis by methods such as 
the phosphotriester method of Narang et al. Meth. Enzymol. 
68: 90499 (1979); the phosphodiester method of BroWn et 
al., Meth Enzymol. 68: 1094151 (1979); the diethylphos 
phoramidite method of Beaucage et al., Tetra. Lett., 22: 
185941862 (1981); andthe solid support method ofU.S. Pat. 
No. 4,458,066. 

Chemical synthesis produces a single stranded oligo 
nucleotide. This may be converted into double stranded 
DNA by hybridization With a complementary sequence, or 
by polymerization With a DNA polymerase using the single 
strand as a template. One of skill Would recogniZe that While 
chemical synthesis of DNA is limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. Similarly, subsequences may be cloned 
and the appropriate subsequences cleaved using appropriate 
restriction enZymes. The fragments may then be ligated to 
produce the desired DNA sequence. 

In one embodiment, proteins of this invention may be 
cloned using DNA ampli?cation methods such as poly 
merase chain reaction (PCR). Thus, for example, the nucleic 
acid sequence or subsequence is PCR ampli?ed, using a 
sense primer containing one restriction site, e.g., XhoI, and 
an antisense primer containing another restriction site, e.g., 
BamHI. This Will produce a nucleic acid encoding the 
desired sequence or subsequence and having terminal 
restriction sites. This nucleic acid can then be easily ligated 
into a vector containing a nucleic acid encoding the second 
molecule and having the appropriate corresponding restric 
tion sites. Suitable PCR primers can be determined by one 
of skill in the art using the information provided in the 
appended sequence listing. Appropriate restriction sites can 
also be added to the nucleic acid encoding the protein or 
protein subsequence by site-directed mutagenesis. The plas 
mid containing the sequence or subsequence is cleaved With 
the appropriate restriction endonuclease and then ligated 
into the vector encoding the second molecule according to 
standard methods. 

Accordingly, in a second aspect, the present invention 
relates to an isolated nucleic acid encoding the protein 
according to the present invention. More speci?cally, the 
present invention relates to a nucleic acid comprising parts 
or all of the base sequence disclosed in SEQ ID NO. 1, such 
as about 20(k2000, eg at least about 400, such as at least 
about 1000, and preferably at least about 2300 bases thereof. 
In a speci?c embodiment of this aspect, the nucleic acid 
according to the invention comprises about the second half 
of the sequence of SEQ ID NO 1, preferably at least about 
1200, eg 1284, and most preferably, the 1284 bases that 
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encodes the protein denoted MSA1 Which is discussed 
above. In another embodiment of this aspect of the inven 
tion, the nucleic acid is substantially identical With the 
sequence of SEQ ID NO 1. In a particularly advantageous 
embodiment, the present nucleic acid encodes a protein as 
disclosed by SEQ ID NO 3. In the present context, it is to be 
understood that the invention also encompasses any one of 
the above de?ned sequences Which is a degenerate or variant 
thereof. 

Further, this aspect of the invention also covers any 
nucleic acid, Which hybridiZes speci?cally under stringent 
conditions to a nucleic acid as disclosed above as Well as any 

gene product obtained thereby. Such a hybridizing nucleic 
acid may eg be DNA, a genomic DNA sequence compris 
ing introns as Well as exons, RNA, such as mRNA etc. 

The preparation of the present nucleic acids has already 
been described above. Thus, more speci?cally, the 
sequences are cloned, or ampli?ed by in vitro methods, such 
as the polymerase chain reaction (PCR), the ligase chain 
reaction (LCR), the transcription-based ampli?cation sys 
tem (TAS), the self-sustained sequence replication system 
(SSR). A Wide variety of cloning and in vitro ampli?cation 
methodologies are knoWn to persons of skill. Examples of 
these techniques and instructions su?icient to direct persons 
of skill through many cloning exercises are found in Berger 
and Kimmel, Guide to Molecular Cloning Techniques, 
Methods in Enzymology 152 Academic Press, Inc., San 
Diego, Calif. (Berger); Sambrook et al. (1989) Molecular 
CloningiA Laboratory Manual (2nd ed.) Vol. 143, Cold 
Spring Harbor Laboratory, Cold Spring Harbor Press, NY, 
(Sambrook et al.); Current protocols in Molecular Biology, 
F. M. Ausubel et al., Current Protocols, a joint venture 
betWeen Greene Publishing Associates, Inc. And John Wiley 
& Sons, Inc., (1994 Supplement) (Ausubel); Cashion et al., 
US. Pat. No. 5,017,478; and Carr, European Patent No. 
0,246,864. Examples of techniques suf?cient to direct per 
sons of skill through in vitro ampli?cation methods are 
found in Berger, Sambrook, and Ausubel, as Well as Mullis 
et al., (1987) US. Pat. No. 4,683,202; PCR Protocols A 
Guide to Methods and Applications (Innis et al. Eds) Aca 
demic Press Inc. San Diego, Calif. (1990) (Innis); Arnheim 
& Levinson (Oct. 1, 1990) C&EN 36447; The Journal of 
NIH Research (1991) 3: 81494 (KWoh et al. (1989) Proc. 
Natl. Acad. Sci. USA 86: 1173; Guatelli et al. (1990) Proc. 
Natl. Acad. Sci. USA 87, 1874; Lomell et al. (1989) J. Clin. 
Chem., 35: 1826; Landegren et al., (1988) Science, 241: 
107741080; Van Brunt (1990) Biotechnology, 8: 2914294; 
Wu and Wallace, (1989) Gene, 4: 560; and Barringer et al. 
(1990) Gene, 89: 117. 

In one preferred embodiment, the nucleic acids according 
to the invention are isolated by routine cloning methods. The 
DNA sequence provided in SEQ ID NO 1, or a subsequence 
thereof, can be used to provide probes that speci?cally 
hybridize to the encoding gene, in a genomic DNA sample, 
eg in a Southern blot, or to the mRNA, in a total RNA 
sample (e.g., in a Northern blot). Once the target nucleic acid 
has been identi?ed (e.g., in a Northern or Southern blot), it 
is isolated according to standard methods knoWn to those of 
skill in the art (see, e.g., Sambrook et al. (1989) Molecular 
Cloning: A Laboratory Manual, 2nd Ed. Vols. 143, Cold 
Spring Harbor Laboratory; Berger and Kimmel (1987) 
Methods in enzymology, Vol. 152: Guide to Molecular 
Cloning Techniques, San Diego: Academic press, Inc.; or 
Ausubel et al. (1987) Current Protocols in Molecular Biol 
ogy, Greene Publishing and Wiley-Interscience, NeW York). 

The nucleic acids according to the invention may be used 
in assays, such as in hybridiZation assays, as probes, in 
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Which case they are preferably labeled, in the production of 
proteins according to the invention etc., as is evident from 
other sections of the present speci?cation. 
A further aspect of the invention is an expression vector, 

such as a plasmid or a virus, such as a phage, Which 
comprises a nucleic acid as describe above. Such vectors are 
e.g. useful for expressing the proteins according to the 
invention to provide immunogens for antibody production. 
Thus, vectors encoding the proteins are also useful for 
transforming cells in vitro or in vivo to express the present 
protein or a functional subsequence thereof. In addition to 
the present encoding sequence, the vectors according to the 
invention also comprise suitable promoters, enhancers and 
further regulatory elements operably linked thereto (Queen 
et al. (1986) Immunol. Rev. 89:49). The vector may be a 
plasmid, virus, etc. Further, the vector may be an oligo 
nucleotide, in Which case the coding sequence may be 
accompanied by the required tagging sequences for use in 
methods such as homologous recombination, as described in 
the literature. 

Thus, an additional aspect of the present invention is a 
recombinant cell comprising a vector according to the 
invention. The culture of cells, including cell lines and 
cultured cells from tissue or blood samples, is Well knoWn 
in the art. (See eg Freshney, Culture of Animal Cells, A 
Manual of Basic Technique, 3rd ed., Wiley-Liss, NeW York, 
NY. (1994).) Cells expressing the present nucleic acid may 
be used to monitor expression levels of the protein according 
to the invention in a Wide variety of contexts. The cells 
according to the invention may be prokaryotic, such as 
bacteria, e.g. E. coli, eukaryotic, such as yeast, mammalian, 
such as canine, porcine or human, a protoZoan etc. 

In an additional aspect, the invention relates to a method 
for producing a protein according to the invention, or a 
functional subsequence thereof, Which method comprises 
the steps of 

(a) providing a DNA encoding the desired protein or 
polypeptide; 
(b) introducing said DNA in a suitable expression vector or 
expression cassette; 

(c) transfer of said vector or cassette into a suitable cell; 

(d) culturing said cell to obtain the desired product; and 
optionally 
(e) puri?cation of the protein or polypeptide. 
The transfer of the vector may be performed by Well 

knoWn methods, depending on the type of cellular host, such 
as calcium chloride transfection, Which is commonly used 
With prokaryotic cells, or calcium phosphate treatment, 
electroporation, lipofection, microinjection etc. Once 
expressed, the products may be puri?ed according to stan 
dard procedures in the art, such as HPLC puri?cation, 
fraction column chromatography, gel electrophoresis and the 
like (see eg Scopes, Protein Puri?cation, Springer-Verlag, 
N.Y., 1982). 

In a further aspect, the present invention relates to an 
antibody raised against a protein according to the invention, 
or a functional part thereof. The antibody according to the 
invention Will preferably comprise at least about 10, more 
preferably at least 20, 40 or 50 and most preferably at least 
100 or 200, or even 400 amino acids. In a speci?c embodi 
ment, the antibody binds to a protein comprised of essen 
tially all of the sequence disclosed in SEQ ID NO 2. 
More speci?cally, the present invention relates to anti 

bodies including individual, allelic, strain, or species vari 
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ants, and fragments thereof, both in their naturally occurring 
(full-length) forms and in recombinant forms. Additionally, 
antibodies are raised to these polypeptides in either their 
native con?gurations or in non-native con?gurations. Anti 
idiotypic and chimeric or bispeci?c antibodies can also be 
generated. 

In order to produce the antibodies speci?cally reactive 
With polypeptides according to the invention, a number of 
immunogens are used. Recombinant or synthetic polypep 
tides of 8415, preferably 10, amino acids in length, or 
greater, selected from amino acid sub-sequences of SEQ ID 
NO 2 are the preferred polypeptide immunogen (antigen) for 
the production of monoclonal or polyclonal antibodies. In 
one class of preferred embodiments, an immunogenic pep 
tide conjugate is also included as an immunogen. Naturally 
occuring polyptides are also used, either in pure or impure 
form. 

Recombinant polypeptides are expressed in eukaryotic or 
prokaryotic cells (as described above) and puri?ed using 
standard techniques. The polypeptide, or a synthetic version 
thereof, is then injected into an animal capable of producing 
antibodies. Either monoclonal or polyclonal antibodies can 
be generated for subsequent use in immunoassays to mea 
sure the presence and quantity of the polypetide. 

Methods of producing polyclonal antibodies are knoWn to 
those of skill in the art, see, e.g., Coligan (1991) Current 
Protocols in Immunology Wiley/Greene, NY; and HarloW 
and Lane (1989) Antibodies: A Laboratory Manual Cold 
Spring Harbor Press, NY). 

Monoclonal antibodies are prepared from cells secreting 
the desired antibody. These antibodies are screened for 
binding to normal or modi?ed polypeptides, or screened for 
agonistic or antagonistic activity, e.g., activity mediated 
through a suppressor of fused protein. Speci?c monoclonal 
and polyclonal antibodies Will usually bind With a KD of at 
least about 0.1 mM, more usually at least about 50 uM, and 
most preferably at least about 1 uM or better. 

In some instances, it is desirable to prepare monoclonal 
antibodies from various mammalian hosts, such as dogs, 
sWine, rodents, primates, humans, etc. Description of tech 
niques for preparing such monoclonal antibodies are found 
in, eg Stites et al. (eds) Basic and Clinical Immunology (4th 
ed.) Lange Medical Publications, Los Altos, Calif., and 
references cited therin; HarloW and Lane, supra; Goding 
(1986) MonoclonalAntiboides: Principles and Practice (2d 
ed.) Academic Press, NeW York, NY; and Kohler and 
Milstein (1975) Nature 256: 495497. 

Other suitable techniques involve selection of libraries of 
recombinant antibodies in phage or similar vectors (see, e.g., 
Huse et al. (1989) Science 246: 127541281; and Ward, et al. 
(1989) Nature 341: 5444546; and Vaughan et al. (1996) 
Nature Biotechnology, 14: 3094314). 

In a further aspect, the present invention relates to a 
protein as de?ned above, or a functional subsequence 
thereof, for use in a pharmaceutical preparation, preferably 
as a vaccine. Thus, the invention also relates to a vaccine 
preparation comprising a protein as de?ned above and a 
pharmaceutically acceptable carrier, such as an aqueous 
carrier. A variety of aqueous carriers may be used, eg 
buffered saline. The solution is sterile and generally free of 
any undesirable matter. It may contain further auxiliary 
substances as required to approximate physiological condi 
tions, such as pH adjusting agents and buffers, toxicity 
adjusting agents, eg sodium acetate, sodium chloride, 
potassium chloride, sodium lactate etc. It may be prepared 
for injection or any other suitable route of administration, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
such as oral administration. For a brief revieW of drug 
delivery, see Langer, Science 249:527il533 (1990). 
More speci?cally, the vaccine preparation according to 

the invention is capable of provoking an immune response 
in a subject, such as an animal or human, and thereby 
preventing said subject from being infected With Sarcoptes 
scabiei, Whereby sarcoptes mange or scabies is avoided. 
Thus, the vaccine composition according to the invention 
may advantageously be used to immuniZe animals, eg dogs 
or swim. As one example, dogs may be infected With scabies 
or sarcoptic mange from Wild animals in the surroundings, 
such as red fox. SWine is another species that may be 
infected With scabies or sarcoptic mange. For example, 
When piglets are transported to novel locations during the 
breeding thereof, they may be contacted With other stock and 
the infection may then be spread. The vaccine composition 
may be a killed or inactivated, attenuated, recombinant or 
subunit vaccine, as appropriate, depending on the prevailing 
conditions. 

Thus, the invention also relates to a method of preventing 
mite diseases, preferably conditions caused by mites, such as 
Sarcoptes scabiei, in a subject, such as a human, or animal, 
such as a canine or porcine, subject, Which method com 
prises the administration of a pharmaceutical preparation 
according to the invention to said subject in an effective 
dose. In a speci?c embodiment, said disease is sarcoptes 
mange or scabies. 

The invention also relates to any medicinal use of the 
proteins and polypeptides according to the invention. As 
regards the pharmaceutical uses of the present polypeptides, 
it is to be understood, that in many cases, it may be more 
advantageous to use the peptidomimetics according to the 
invention than the original polypeptides. Such uses are also 
Within the scope of the invention. 

In one furter aspect, the invention relates to various 
assays, Wherein an antibody according to the invention is 
used to determine the presence and/or quantity of the 
polypeptide. The methods include analytical biochemical 
methods, such as electrophoresis, high performance liquid 
chromatography (HPLC), thin layer chromatography (TLC), 
hyperdilfusion chromatography and the like as Well as 
various immunological methods, such as ?uid or gel pre 
cipitating reactions, immunodilfusion, immunoelectro 
phoresis, radioimmunoassay (RIA), enZyme-linked immun 
osorbent assays (ELISAs), immuno?uorescence assays etc. 
As used herein, an immunoassay is an assay Wherein an 
antibody is used to speci?cally bind to the analyte. In the 
present context, such an assay format as disclosed in EP 291 
194 (Unilever) is advantageously used, or variants of said 
format speci?cally adapted to the present purpose. For a 
revieW of general immunoassays, see Methods in Cell Biol 
ogy, Vol. 37: Antibodies in Cell Biology, Asai, ed., Academic 
Press, Inc., NeW York (1993); and Basic and Clinical 
Immunology, 7”’ ed., Stites & Terr, eds., (1991). 

Competitive assay formats are preferred in the present 
context, Wherein the amount of analyte, preferably an 
unknoWn quantity of antibodies in a subject, in a sample is 
measured indirectly by measuring the amount of added 
analyte, displaced from a capture agent by the analyte 
present in the sample. Most preferred are the enZyme-linked 
immunosorbent assay (ELISA) methods, in Which an anti 
body typically is bound to an enZyme, such as peroxidase or 
phosphatase, Which can produce colored reaction products 
from an appropriate buffer. Thus, it utiliZes a tagged antigen 
molecule of knoWn quantity to determine an unlabelled 
antigen of unknoWn quantity. Preferably, the protein accord 
ing to the invention, or a suitable functional fragment 
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thereof, is used coupled to a conventional tag, such as His6. 
This assay is eg useful to diagnose Sarcoples scabiei 
infection in dogs. 

Thus, in an ELISA format according to the invention, 
antibodies against the present polypeptide are detected and/ 
or quanti?ed, preferably in a biological sample. The sample 
may be any sample of biological tissue or ?uid, such as 
blood. The sample is pretreated as necessary by dilution in 
a suitable buffer solution or concentrated, if desired. Any 
number of standard aqueous buffer solutions may be used, 
such as Tris or the like, at physiological pH. Samples are 
incubated With an excess of the protein according to the 
invention as antigen. After rinsing to remove any unbound 
antibody, the amount of bound antibody is quantitated by 
adding a solution of enzyme-conjugated antibody that binds 
to constant domains of antibodies in the sample. Excess 
conjugated antibody is rinsed aWay and the activity of the 
bound enZyme is determined by adding the substrate to the 
reaction and measuring the formation of products. As the 
products of the reactions used in ELISA procedures are 
colored, the amount of product formed can readily be be 
determined by the intensity of the colour that has devel 
opped using a spectrophotometer. The activity of the bound 
enZyme is proportional to the amount of antigen-binding 
antibody in the sample; therefore, the original concentration 
of such antibodies can be estimated from a series of control 
assays employing knoWn concentrations of speci?c antibod 
ies. 

More speci?cally, if a protein as de?ned by SEQ ID NO. 
2 coupled to His6 is used, it has been shoWn by the present 
inventor that an antigen concentration of about 30*60 ng/ml 
is advantageous. It is essential that protein contamination is 
prevented in order to avoid an enhanced background. Fur 
ther, the coating ratio should be adapted as appropriate in 
order to improve the background. Presumably, the aftercoat 
ing is not critical. 

Consequently, the invention also relates to a kit for the 
diagnosis of a subject infected With a mite, preferably 
Sarcoples scabiei. More speci?cally, the kit according to the 
invention is adapted for performing the above disclosed 
ELISA method. Such a kit Will include one or more reagents 
for determining the presence or absence of antibodies in the 
subject raised against the polypeptides according to the 
invention. The antigen may be free or immobiliZed on a solid 
support, such as a test tube, a microtiter plate, a dipstick or 
the like. The kit may also comprise instructions for the use 
thereof. The kit may also contain means for the detection of 
labels, positive and negative controls, Washing solutions etc. 
More speci?cally, a kit according to the present invention 
may advantageously comprise a conjugate, positive and 
negative control samples, a serum dilution buffer, a sub 
strate, suitable Washing solutions as Well as an appropriate 
conjugate dilution buffer. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the extent of the recombinant protein 
according to the invention in relation to the native protein. 

FIG. 2 illustrates the recombinant plasmid pPU17 used 
for the expression of the mite protein MSA1 according to the 
invention. Amp is the ampicillin resistance gene, lacI is the 
lac repressor gene, and male is the maltose binding protein 
in fusion With the present MSA1. 

FIG. 3 is an overvieW of the cloning strategy of the 5' end 
of MSA. 

FIG. 4 shoWs the results of Western blot analysis of the 
mite recombinant protein MSA1 according to the invention. 
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The protein Was expressed in E. coli, puri?ed and separated 
by SDS-PAGE before transfer to nitrocellulose. Lanes 1, 2 
and 4 shoW the results after analysis With positive dog sera, 
and lanes 3, 5 and 6 shoWs the results after analysis With 
negative dog sera. Lane M is the molecular Weight markers. 

Experimental 
Material and Methods 

Collection of Parasites 

Living mites of both sexes and different developmental 
stages of S. scabiei Were isolated from the skin of Wild red 
foxes as described in Bomstein & Zakrisson (1993) Vet. 
Dermalol. 4:107. Brie?y, pieces of skin With the fur cut 
doWn to about 10 mm Were left in Petri dishes at room 

temperature under an electric light. Mites that migrated onto 
the underside of the lid Were collected and stored at —700 C. 
until further use. 

Immuno sera 

S. scabiei proteins of a siZe of above 90 kD Were 
siZe-selected on 10% gels by sodium dodecyl sulfate-poly 
acrylamide gel electrophoresis (SDS-PAGE) and electro 
eluted as previously described, see Jacobs & Clad (1986) 
Anal. Biochem. 154:583. NeW Zeeland White rabbits Were 
immuniZed With the selected proteins and Freund’s complete 
adjuvant. 

RNA Preparation and Construction of cDNA Library 
A total of 160 mg of mites Was Washed With PBS and then 

homogenized in a glass grinder at 40 C. Total RNA Was 
extracted With an RNAgents® kit from Promega and mRNA 
Was isolated by oligo(dT) cellulose chromatography (Phar 
macia Biotech). Double-stranded cDNA Was synthesiZed 
from about 5 pg S. scabiei mRNA (ZAP-cDNA, Stratagene), 
portions ligated into UNI-ZAP XR vector (Stratagene) and 
packaged into 7t-phage (Gigapack Gold II, Stratagene). 

Cloning and Sequencing of MSA1 
The ampli?ed library Was screened With sera from the 

rabbits previously immuniZed With gel puri?ed antigens. 
Immuno reactive plaques Were cloned and the phages eluted. 
From a positive 7t-phage clone, a pBluescript SK-subclone 
Was generated using the ExAssistTM phage system (Strat 
agene). The resulting clone Was designated pPU3 and the S. 
scabiei cDNA insert Was mapped for positions of restriction 
endonuclease cleavage using enZymes from Pharmacia Bio 
tech (Uppsala, SWeden) and NeW England Biolabs. For the 
sequencing of pPU3, nested deletions and cDNA sequence 
speci?c primers Were used in conjunction With the T7 
sequence kit from Pharmacia Biotech. 

Subcloning and Expression of MSA1 

Construction of High Expression Vector 
The open reading frame of the recombinant plasmid pPU3 

Was ampli?ed by PCR using Pfu DNA polymerase (Strat 
agene) and subcloned into the XmnI-XbaI sites of the vector 
pPU16. The pPU16 vector is a derivative of the pMal-c2 
vector (NeW England Biolabs) that has a sequence of DNA 
encoding for 6 consecutive histidine residues and a stop 
codon betWeen the PstI and HindIII site. The resulting 
plasmid pPU17 encodes for the recombinant mite protein 
With the maltose binding protein fused to its N-terminus and 
a His6-tag fused to its C-terminus. The junction betWeen the 
maltose binding protein and the recombinant mite protein 
has a factor Xa-binding site (IEGR). 
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Expression as Fused Protein 

The recombinant plasmid pPU17 Was transformed into E. 
coli strain BL21 (DE3). The resulting transformant Was 
inoculated into 10 ml minimal medium With casamino acids 
and heavy metals (MM/CA) (Pryor & Leiting, Protein Expr 
Purif 10:309) containing ampicillin (100 mg/ml) and grown 
overnight at 37° C. With continuous shaking. Five ml of the 
overnight culture Was diluted in 500 ml fresh MM/CA 
medium With ampicillin (100 mg/ml) and groWn in a 2-liter 
Ehrlenmeyer ?ask shaking ef?ciently at 37° C. until the OD 
value at 600 nm became 0.8. The culture Was then cooled to 

18° C., induced With 0.5 mM IPTG and then transffered to 
a shaker at 18° C. for continued groWth for 20 h. After the 
expression the celles Were collected by centrifugation at 
4000><g for 20 min and resuspended in 25 ml 20 mM 
phosphate buffer (pH 7.6) With 0.5 M NaCl and 30 mM 
imidaZole, supplemented With the CompleteTM protease 
inhibitor (Roche) and froZen overnight at —70° C. The froZen 
cellsuspension Was thaWed in cold Water, placed in an 
ice-Water bath and sonicated. The suspension Was cleari?ed 
by centrifugation at 9000><g for 30 min and the resulting 
supernatant Was used for a?inity puri?cation. 

Minimal medium With casamino acids and heavy metal 
(MM/CA) is: 5 g/l glucose, 1 mg/l (+) biotin, 2 mg/l 
thiamine, 1 g/l (NH4)2SO4, 4 ml ofa 250>< heavy metal stock 
solution, 50 ml sterile 10% casamino acids, and 200 ml 
sterile 5>< phosphate buffer. One liter of 250>< heavy metal 
stock solution is 500 mg MoNa2O42H2O, 250 mg CoCl2, 
175 mg CuSO4 5H2O, 1 g MnSO4 H2O, 8.75 g MgSO47 
H2O, 1.25 g ZnSO47 H2O, 1.25 g FeCl24 H2O, 2.5 g CaCl22 
H20, and 1.0 g H3BO3 in 1 M HCl. One liter of 5x 
phosphate buffer contains 53 g KZHPO4 and 24.7 g KH2PO4. 

Puri?cation of Recombinant Mite Antigen Fusion Protein 

The supernatant Was loaded onto a 1 ml HiTrap® chelat 

ing column (Amersham Pharmacia Biotech) loaded With 
N2+ at a How rate of 1 ml/min. After Washing With 10 ml of 
20 mM phospahate buffer (pH 7.6) With 0.5 M NaCl and 30 
mM imidaZole, the captured recombinant protein Was eluted 
With 3 ml 20 mM phosphate buffer (pH 7.6) With 0.5 M NaCl 
and 500 mM imidaZole. After buffer exchange to 20 mM 
Tris-HCl (pH 8.0) With 150 mM NaCl and 1 mM EDTA, the 
maltose binding protein Was cleaved off with factor Xa at 
room temperature for 20 h after Which the recombinant mite 
protein Was puri?ed on a HiTrap® column. As preserver 
Micro-O-Protect (Roche) Was added to the puri?ed recom 
binant protein in concentraion of 0.1%. 

Cloning of Part of the 5' cDNA end of MSA1 

A PCR strategy Was used in order to clone regions 
upstream of the cDNA insert in pPU3. In the ?rst PCR the 
primer KBE 5 (5'CAC TAT CGG AGA ACG TAA CTT 
CGG 3'), complementary to the anti-sense strand of the 
insert in pPU3, Was desigend and used together With a T3 
primer, complementary to the vector used to construct the 
cDNA library. As a template the S. scabiei cDNA-libray Was 
used. The resulting fragment Was cloned into the Smal-site 
of pUC18 and sequenced as above. This neW fragment Was 
then used for the design of a second primer KBE 8 (5'CCT 
GGC ATT CTA CTT GAG ATG TA 3') for the ampli?cation 
an additional 5'end cDNA fragment. The second 5'end 
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fragment Was cloned and sequenced as above. A continuos 
cDNA Which included the original MSA1 cDNA and both of 
the 5' end fragments Was generated by using the TitanTM One 
Tube RT-PCR system (manufactured by Roche). For the 
reverse transriptase step the reverse primer MSAlXba 
(5'CGC TCT AGA CTC AAC AAT GAA TGT CTG CAA 3') 
Was used. In the PCR, the reverse primer Was used in 
combination With the forWard primer LDL 2 (5'CGG GAT 
CCG AAT ATT TCG TCT CGA AAC CG 3'). The resulting 
fragment Was cloned into the BamHl-Xbal sites of pPU16 
utiliZing the recognition sites introduced during the PCR 
(shoWn in boldface). A graphic overvieW of the cloning 
strategy is shoWn in FIG. 

Enzyme-linked lmmunosorbent Assay 
The recombinant mite protein MSA1 Was diluted in a 0.1 

M carbonate buffer, pH 9.6, to a concentration of 62.5 ng/ml 
and coated overnight at 4° C. onto microtitre plates 
(Polysorp, manufactured by Nunc) in volumes of 100 pl per 
Well. The plates Was Washed once With phospate buffered 
saline With 0.05% TWeen20 (PBS-T) folloWed by the addi 
tion of serum samples at a 1:100 dilution in PBS-T. After a 
1 h incubation at 37° C. the plates Were Washed three times 
With PBS-T and a monclonal mouse anti-dog IgG antibody, 
dilution 1:1000, and rabbit anti-mouse lg conjugated to HRP 
(manufactured by Dako), dilution 1:1000, in PBS-T plus 1% 
normal rabbit serum Were added to the Wells and incubated 

for 1 h at 37° C. After Washing three times With PBS-T, 100 
pl of TMB (manufactured by Sigma) Were added to each 
Well. The substrate incubation Was stopped With 50 ul of 
H2SO4 and the amount of end product Was analyZed at 450 
nm in Dynatech MR5000 spectrophotometer (manufactured 
by Dynatech). 

Af?nity Puriciation of Antibodies 
Puri?ed recombinant mite protein or recombinant phages 

in E. coli expressing the recombinant mite protein Were 
transferred to a nitro cellulose ?lter. After blocking the ?lter 
With 1% BSA (Strategene) in 20 mM Tris-HCl, 0.5 M NaCl, 
0.05% TWeen20, pH 7.5 (TTBS), anti-S. scabiei rabbit 
serum Was added to the ?lter and incubated for 1 h at room 

temperature. After extensive Washing With TTBS, the bound 
antibodies Were eluted and used in Western blot analysis on 
S. scabiei antigens(Beall & Mitchell, J. Immunol. Method. 
(1986) 86:217). The af?nity pur?ed antibodies Were also 
used to localiZe the protein in S. scabiei mites. 

Western Blot Analysis 
Puri?ed recombinant mite proteins Were separated by 

SDS-PAGE in 12% mini gels in Mini PROTEAN 11 cell 
(Bio-Rad Laboratories). Blotting of proteins to nitrocellu 
lose Was done by using an electrophoretic transfer cell 
(Bio-Rad Laboratories). After completion of transfer, the 
membrane bound proteins Were checked by brie?y incubat 
ing the membrane in a 0.2% Ponceau-S solution (Sigma) 
folloWed by rinsing in distilled Water. The blots Were 
blocked With phosphate buffer saline (PBS) containing non 
fat dry milk, incubated With sera from experimentally dogs 
(Bornstein & Zakrisson (1993) Vet. Dermalol. 4:107), then 
incubated With a mouse anti-dog lgG monoclonal antibody 
and a rabbit anti-mouse IgG. After Washing, bound antibod 
ies Were visualiZed by chemiluminescence detection and 
exposure to ?lm using the ECL-system (Amersham Phar 
macia Biotech). 
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-oontinued 

20 

atc 

Ile 

acc 

Thr 

cca 

Pro 

tat 

Tyr 
305 

ttg 
Leu 

tac 

Tyr 

tcg 
Ser 

gat 
Asp 

aaa 

Lys 
385 

tat 

Tyr 

atc 

Ile 

Glu 
1 

Val 

Lys 

Asn 

Met 

65 

Gln 

Arg 

Lys 

Leu 

gaa 
Glu 

aaa 

Lys 

tca 

Ser 

290 

gat 
Asp 

aat 

Asn 

aaa 

Lys 

atc 

Ile 

atg 
Met 

370 

gct 
Ala 

gaa 
Glu 

aga 
Arg 

agc 
Ser 

act 

Thr 
275 

cat 

His 

aga 
Arg 

tat 

Tyr 

tac 

Tyr 

aaa 

Lys 
355 

Pro 

caa 

Gln 

ttc 

Phe 

caa 

Gln 

acc 

Thr 
260 

cag 
Gln 

ctt 

Leu 

ttt 

Phe 

gag 
Glu 

ttt 

Phe 
340 

atc 

Ile 

gat 
Asp 

ttt 

Phe 

gat 
Asp 

tat 

Tyr 
420 

SEQUENCE: 

Ala Glu Val 

Glu 

Arg 

Gly 
50 

Asp 

Val 

Tyr 

Gly 

Thr 
130 

Leu 

Asn 

Lys 

Leu 

Lys 

Gly 

Asp 
115 

Lys 

Lys 
20 

Asn 

Met 

Asp 

Asp 

Asp 
100 

Leu 

Asn 

tat 

Tyr 

aat 

Asn 

gtt 
Val 

gct 
Ala 

aaa 

Lys 
325 

acc 

Thr 

gat 
Asp 

ttt 

Phe 

agt 
Ser 

cca 

Pro 

405 

ttg 
Leu 

SEQ ID NO 2 
LENGTH: 

TYPE: 

ORGANISM: Sarcoptes scabiei 

427 
PRT 

2 

Thr 
5 

Lys 

Glu 

Asn 

Asn 

Arg 
85 

Leu 

His 

Asp 

aaa 

Lys 

9961 
Gly 

ctt 

Leu 

ccg 
Pro 

310 

cat 

His 

gat 
Asp 

99a 
Gly 

aaa 

Lys 

tat 

Tyr 
390 

cat 

His 

cag 
Gln 

Phe 

Asp 

Ile 

Trp 

Ala 
70 

Ile 

His 

Met 

Gly 

gtt 
Val 

aaa 

Lys 

gaa 
Glu 
295 

atc 

Ile 

aaa 

Lys 

ttc 

Phe 
375 

aca 

Thr 

cgt 
Arg 

aca 

Thr 

Ser 

Lys 

Phe 

Tyr 
55 

Phe 

Tyr 

Ile 

Ser 

Ile 
135 

gaa 
Glu 

gat 
Asp 
265 

tta 

Leu 

280 

gaa 
Glu 

aca 

Thr 
cca 

Pro 

ata 

Ile 
aag 
Lys 

gat 
Asp 

gct 
Ala 

aaa 

Lys 
tcg 
Ser 

345 

cca 

Pro 

360 

aag 
Lys 

aat 

Asn 

ttc 

Phe 
aat 

Asn 

tat 

Tyr 
gca 
Ala 

ttc 

Phe 
att 

Ile 
425 

Asp Ser 

Leu 

25 
Asp 

Tyr Glu 
40 

Tyr Lys 

Asn Pro 

Asp Ile 

Glu Gly 
105 

Leu Val 
120 

Val Asp 

aga 
Arg 

ttg 
Leu 

gaa 
Glu 
330 

aag 
Lys 

aaa 

Lys 

aac 

Asn 

gat 
Asp 

atc 

Ile 
410 

gtt 
Val 

Glu 
10 

Tyr 

Asn 

Arg 

Arg 

Lys 
90 

Asn 

Asp 

Met 

aag 
Lys 

ctt 

Leu 

aaa 

Lys 
315 

tac 

Tyr 

aga 
Arg 

gca 
Ala 

aaa 

Lys 

tat 

Tyr 
395 

ttg 
Leu 

gag 
Glu 

Asp 

Ser 

Asn 

Asn 

Asp 
75 

Leu 

Glu 

Pro 

Thr 

ctt 

Leu 

ctt 

Leu 

aaa 

Lys 
300 

tta 

Leu 

gag 
Glu 

agt 
Ser 

ttg 
Leu 

ccg 
Pro 

380 

acc 

Thr 

aat 

Asn 

tag 

Lys 

Met 

Met 

Asp 
60 

Gly 

Lys 

Asn 

Leu 

Leu 

140 

atg 
Met 

tcg 
Ser 

285 

atg 
Met 

gat 
Asp 

cca 

Pro 

99C 
Gly 

aaa 

Lys 
365 

gaa 
Glu 

gaa 
Glu 

tgg 
Trp 

Lys 

Lys 

Asp 
45 

Arg 

Thr 

Arg 

Pro 

Thr 
125 

Asp 

att 

Ile 
270 

aga 
Arg 

aac 

Asn 

tac 

Tyr 

tca 

Ser 

aaa 

Lys 
350 

gtt 
Val 

gat 
Asp 

acg 
Thr 

gcc 
Ala 

Asn 

Ser 

30 

Leu 

Thr 

Met 

Glu 

Leu 

110 

Leu 

Leu 

gag 
Glu 

aaa 

Lys 

atg 
Met 

gat 
Asp 

aat 

Asn 

335 

gat 
Asp 

agt 
Ser 

gaa 
Glu 

aga 
Arg 
415 

Tyr 
15 

Asn 

Glu 

Trp 

Lys 

Arg 
95 

Ile 

Asn 

Val 

cca 

Pro 

gta 
Val 

aaa 

Lys 

gqt 
Gly 
320 

cat 

His 

tat 

Tyr 

gtc 
Val 

aac 

Asn 

gag 
Glu 
400 

gct 
Ala 

Phe 

Val 

Lys 

Asn 

Leu 

80 

Phe 

Lys 

Val 

Ser 

816 

864 

912 

960 

1008 

1056 

1104 

1152 

1200 

1248 

1284 
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-continued 

Pro Asn Thr Lys Lys Ala Ala Leu Lys Ile Asn Ser Lys Lys Tyr Asp 
145 150 155 160 

Leu Asp His Asp Gly Glu Ile Thr Val Ser Ile Phe Asn Pro Arg Met 
165 170 175 

Thr Trp Lys His His Thr Arg Lys Gly Asp Met Glu Leu Asn Ile Asp 
180 185 190 

Ala Asp Ile Thr Arg Lys Gly Ser Leu Ile Thr Tyr Ser Arg Lys Glu 
195 200 205 

Pro Asp Asp Ser Thr Lys Val Arg Tyr Ser Arg Gln Gly Asn Gln Val 
210 215 220 

Ser Met Glu Val Asp Ser Lys Leu Ile Glu Gly His Ala Asn Gly Thr 
225 230 235 240 

Leu Thr Asp Gly Lys Ile His Val Lys Gly Arg Glu Ser Asp Phe Glu 
245 250 255 

Ile Glu Ser Thr Tyr Lys Val Glu Asp Gly Lys Leu Met Ile Glu Pro 
260 265 270 

Thr Lys Thr Gln Asn Gly Lys Leu Glu Gly Leu Leu Ser Arg Lys Val 
275 280 285 

Pro Ser His Leu Val Leu Glu Thr Pro Arg Val Lys Met Asn Met Lys 
290 295 300 

Tyr Asp Arg Phe Ala Pro Val Lys Ile Leu Lys Leu Asp Tyr Asp Gly 
305 310 315 320 

Leu Asn Tyr Glu Lys His Ile Asp Ala Glu Tyr Glu Pro Ser Asn His 
325 330 335 

Tyr Lys Tyr Phe Thr Asp Gly Lys Ser Lys Arg Ser Gly Lys Gly Tyr 
340 345 350 

Ser Ile Lys Ile Asp Gly Lys Pro Lys Lys Ala Leu Lys Val Asp Val 
355 360 365 

Asp Met Pro Asp Phe Lys Phe Asn Val Asn Lys Pro Glu Asp Ser Asn 
370 375 380 

Lys Ala Gln Phe Ser Tyr Thr Phe Asn Asp Tyr Thr Glu Thr Glu Glu 
385 390 395 400 

Tyr Glu Phe Asp Pro His Arg Ala Tyr Ile Leu Asn Trp Ala Arg Ala 
405 410 415 

Ile Arg Gln Tyr Leu Gln Thr Phe Ile Val Glu 
420 425 

<2 10> SEQ ID NO 3 
<211> LENGTH: 12 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<400> SEQUENCE: 3 

Ser Arg Cys Asp Leu Gln His His His His His His 
1 5 l0 

<2 10> SEQ ID NO 4 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE: 4 

cactatcgga gaacgtaact tcgg 
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-continued 

<2 10> SEQ ID NO 5 
<2ll> LENGTH: 23 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE: 5 

cctggcattc tacttgagat gta 23 

<2 10> SEQ ID NO 6 
<2ll> LENGTH: 30 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE: 6 

cgctctagac tcaacaatga atgtctgcaa 30 

<2 10> SEQ ID NO 7 
<2ll> LENGTH: 29 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400> SEQUENCE: 7 

cgggatccga atatttcgtc tcgaaaccg 29 

The invention claimed is: 35 3. A peptide consisting of amino acids le83 of SEQ ID 
1. An immunogenic preparation comprising a protein NO_ 2_ 

consisting of amino acids le83 of SEQ ID. NO. 2 and a 
pharmaceutically and/or Veterinary acceptable carrier. 

2. The immunogenic preparation according to claim 1, 
Wherein said immunogenic preparation is in a unit dosage 
fOI‘m_ * * * * * 


